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Simple and Scalable Electrochemical Synthesis of 2,1-
Benzisoxazoles and Quinoline N-Oxides
Eduardo Rodrigo,a Haralds Baunis,a,b Edgars Sunab and Siegfried R. Waldvogel*a

Cathodic reduction of the nitro moiety and subsequent 
intramolecular cyclization affords different substituted 2,1-
benzisoxazoles and quinoline N-oxides. This methodology allows 
the synthesis of two different type of heterocycles from common 
simple starting materials, using electrons as a sole reagent for this 
transformation. The electrolysis can be conducted in a very simple 
undivided electrolysis cell under constant current conditions. This 
permits working on larger scale compared to other electrochemical 
methodologies and represents a significant advantage. 

Nitrogen- and oxygen-containing heterocycles represent a wide 
branch of research in organic chemistry.1 In particular, 2,1-
benzisoxazoles are important structures in both medicinal and 
synthetic chemistry. Several derivatives exhibit antibacterial 
properties,2 whereas others turned out to be useful for the 
treatment of nervous diseases.3 Recently they have arisen as 
precursors of important motifs in metal catalysis, especially 
with Rh,4 Au,5 or other metals.6 Another significant type of 
heterocycles with an N-O bond are quinoline N-oxides. In 
analogy to 2,1-benzisoxazoles, they are important motifs and 
precursors in medicinal chemistry,7 but due to their 1,2-dipolar 
N-O bond, they are also very versatile intermediates in organic 
synthesis.8 2,1-Benzisoxazoles have been usually synthesized 
starting from nitro derivatives using Sn, Sn salts,9 or with other 
metals as reducing agents such as Zn10 or In.11 Recently, Corma 
has introduced Pt-supported nanoparticles in combination with 
hydrogen as an alternative methodology.12 In this sense, 
electro-organic synthesis has experienced a renaissance during 
the past years,13 as the substitution of chemical reagents by 
electricity entails a step forward in terms of green chemistry.14 
The electrochemical formation of 2,1-benzisoxazoles was 
reported, but due to many drawbacks being far from synthetic 
exploitation. Several studies with o-nitrobenzaldehyde or o-

nitroacetophenone using Hg cathodes tracing intermediates 
and potential products but without any synthetic application.15 
Then Kim and co-workers developed a general approach 
employing a sacrificial lead cathode.16 Recently, Peters showed 
that stable electrodes could also yield the 2,1-benzisoxazoles.17 
However, in all cases a divided cell under potentiostatic 
conditions was used, representing the maximum effort that 
impedes the use in scalable syntheses. This is effectively 
circumvented if galvanostatic conditions and an undivided cell 
are employed. This simplifies the practical aspect and, 
consequently, makes it easier and suitable for synthetic 
applications. Indeed, no evidence of large scale has been given 
in the previous reports.16,17 In the work of Peters, the 
electrolysis was also performed in the presence of chlorophenol 
as additive in large excess (10 times the starting material). 
Moreover, when galvanostatic mode was tried, a mixture of 
products was obtained, proving the difficulties of the 
transformation under these conditions, even employing a 
divided cell and working at extremely low current densities.17 

Finally, it is worth mentioning that no strong EWG groups were 
present in the previous scopes. 
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Scheme 1. Electrochemical approach: Single methodology for the 
synthesis of both 2,1-benzisoxazoles and quinoline N-oxides from a 
common starting point.
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Quinoline N-oxides are mostly obtained by oxidation of the 
corresponding quinoline.8 The use of nitroso derivatives in 
combination with diazoesters and metal catalysis has also been 
reported.18 Another feasible approach would be the cyclization 
starting from 2-nitrocinnamaldehydes. Nevertheless, when this 
reduction is carried out by classical methods, the obtained 
product is the quinoline, and not the N-oxide.19 To our 
knowledge, there is only one general methodology in which the 
quinoline N-oxide is obtained from the corresponding 
cinnamaldehyde: through the use of bakers’ yeast,20 with some 
structural limitations and careful control of the amount of NaOH 
employed, since a subsequent reduction to the quinoline can 
occur easily, affording a mixture of products. With our recent 
experience in the electrochemical reduction of aryl nitro 
derivatives,21 nitrones22 and synthesis of N-containing 
heterocycles,23 we envisioned a practical electrochemical 
access to both, 2,1-benzisoxazoles and quinoline N-oxides 
starting from 2-nitrobenzaldehydes. A strategy which allows the 
synthesis of two different heterocycles from a common starting 
point, using electrons as reagent, in a time-saving, atom-
economy and sustainable way (Scheme 1). The whole approach 
would make the experimental conditions for the formation of 
the 2,1-benzoisoxazoles far more simple, while it would also 
expand the possibilities with the formation of the quinoline N-
oxides. 
First, we carried out the reaction optimization for the 2,1-
benzisoxazoles. The results are summarized in Table 1. The 
initial experiments were based on our previous work.21 We used 
o-nitrobenzaldehyde as test substrate, in an equal volume of 
EtOH and H2O, a charge of 4.0 F, with glassy carbon and boron-
doped diamond (BDD) as anode and cathode respectively. First, 
the current density was varied. A value of 2.4 mA/cm2 (Entry 3) 
was found to be the optimal one, offering the best balance 
between yield and reaction time. However, the solvent turned 
out to be a more sensitive parameter. Upon testing various 
solvent mixtures, protic solvents proved vital to ensure higher 
yields. Alcohols (Entries 5 and 6) gave better yields than aprotic 
solvents (Entries 7-9). HFIP, a solvent that has shown excellent 
performance in electrochemical reactions,24 allowed us to raise 
the yield up to 53%. In addition, HFIP is mildly acidic,25 a role 
performed by toxic chlorophenol in the previous work of 
Peters17 that demonstrated to be crucial. Therefore, the 
employment of HFIP also avoids the use of additives and it can 
be easily recovered and recycled after work-up. These facts 
makes the whole electrolysis simpler and more practical. 
Addition of 4 vol% of acetone facilitated the dissolution of the 
substrate within the electrolyte. The use of other solvent 
proportions, acidic solvents or the absence of any of them 
resulted in no improvement (see ESI). Further tests focused to 
the applied charge employed. Less applied charge than the 
theoretical amount led to a logical decrease of the yield (Entry 
11), whereas an increase of applied charge had the same effect 
(Entries 12-13). The latter might be explained by the fact that 
the N-O bond can be subsequently over-reduced, vanishing the 
product and affording the corresponding aminobenzaldehyde. 
Finally, some experiments with metallic cathodes revealed no 
improvement over BDD cathodes (Entries 14-15).

Table 1. Optimization of the electrochemical synthesis of 2,1-
benzisoxazol 2a under constant current conditions.

glassy carbon cathode
current density, applied charge

solvent, NBu4BF4 [0.01M], rt

ONO2

H

ON

H

R1a 2a

Entrya

Current 
density

(mA/cm2)

Applied 
charge 

(F)

Solvent
(1:1)b Cathode

Yield 
(%)d

1 6.5 4 EtOH:H2O BDD 15
2 4.1 4 EtOH:H2O BDD 23
3 2.4 4 EtOH:H2O BDD 25
4 0.6 4 EtOH:H2O BDD 26
5 2.4 4 MeOH:H2O BDD 31
6 2.4 4 iPrOH:H2O BDD 21
7 2.4 4 CH3CN:H2O BDD <5
8 2.4 4 DMF:H2O BDD 17
9 2.4 4 THF:H2O BDD 19

10 2.4 4 HFIP:H2Oc BDD 53e

11 2.4 3 HFIP:H2O BDD 23
12 2.4 5 HFIP:H2O BDD 51
13 2.4 6 HFIP:H2O BDD 42
14 2.4 4 HFIP:H2O Pt 41
15 2.4 4 HFIP:H2O Leaded bronze 26
16 6.5 4 EtOH:H2O BDD 15

a Concentration of o-nitrobenzaldehyde was 20 mM. b 4% vol of acetone was used, 
unless otherwise is noted. c Without acetone, yield dropped down to 14%. d Yields 
were determined by NMR, using 1,3,5-trimethoxybenzene as internal standard. e 
Isolated yield = 42%.

The scope of the reaction was then explored. The results are 
displayed in Scheme 2. A naphthyl group (2b) and a strong 
activated ring (2c) afforded the 2,1-benzisoxazoles in good 
yield. The introduction of strong electron-withdrawing groups 
attached to the aryl (2d-f) entails a novelty, since the previous 
scopes did not include any example with strong EWG.16,17 The 
tolerance of carbon-halogen bonds (2g and 2h), often very 
sensitive to electrochemical conditions, was also achieved.

glassy carbon BDD
2.4 mA/cm2, 4.0 F

HFIP : H2O (1:1)a

NBu4BF4 [0.01M], rt

ONO2

R'

ON

R'

ON ON

R R

ON ON

Br F

ON

CO2Me

ON
ON

OMe

ON ON

NC
MeO

2a, 42% 2b, 70%

2g, 45% 2h, 44%

2d, 76% 2e, 62%2c, 59%b

2f, 41% 2i, 60%c

1a-i 2a-i

F3C

Scheme 2. Scope of the reaction.
a 4% vol of acetone was used. b large scale: 12 mmol of 1c, yield was 55%. c Q = 7F.
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In order to demonstrate the scalability of the process we 
converted 12 mmol of reactant 1c to product 2c. The yield was 
similar to the one obtained when the reaction was run on a 
smaller scale (0.5 mmol). 
Subsequently, we focused onto the vinylogous conversion and 
to establish suitable electrolysis conditions for the synthesis of 
quinoline N-oxide 4a starting from 2-nitrocinnamaldehyde 3a. 
Starting point for the electrosynthetic screening (Table 2) were 
the electrolytic conditions for the generation of 2,1-
benzoisoxazole 2a.

Table 2. Optimization of the electrochemical synthesis of quinoline 
N-oxide 4a under constant current conditions.

NO2

R

O

H
N

O

3a 4a

glassy carbon cathode
current density, applied charge

solvent, NBu4BF4 [0.01M], rt
R

Entrya Current 
density

(mA/cm2)

Applied 
charge 

(F)

Solvent
(1:1)b

Cathode Conv
(%)

Yield 
(%)c

1 1.2 4 HFIP:H2O BDD 70 20
2 1.8 4 HFIP:H2O BDD 41 24
3 2.4 4 HFIP:H2O BDD 62 24
4 3.5 4 HFIP:H2O BDD 50 14
5 2.4 5 HFIP:H2O BDD 69 22
6 2.4 6 HFIP:H2O BDD 93 39
7 2.4 7 HFIP:H2O BDD 87 31
8 2.4 6 MeOH:H2O BDD 73 36
9 2.4 6 CH3CN:H2O BDD 94 7

10 2.4 6 HFIP:H2O Pt 93 44d,e

11 2.4 6 HFIP:H2O leaded 
bronze 83 28

12 2.4 6 HFIP:H2O glassy 
carbon 51 9

a Concentration of o-nitrocinnamaldehyde was 20 mM. b 4%vol of acetone was 
used. c Yields were determined by NMR, using 1,3,5-trimethoxybenzene as internal 
standard. d Isolated yield. e Same yield was obtained using NEt4BF4 as supporting 
electrolyte.

Initial tests varying current densities (Entries 1-4) revealed that 
the previous current density of 2.4 mA/cm2 still provided the 
highest yields (Entry 3). However, using the theoretical amount 
of applied charge (4 F) conversions were low. This fact can be 
explained by the less-favoured condensation between the 
hydroxylamine and the carbonyl moiety of the enal, due to the 
conjugation with the alkene. If the condensation is not fast, a 
reoxidation of the hydroxylamine to the nitroso species may 
occur, something which can also led to secondary products, 
such as azoxybenzenes.26 We increased the amount of applied 
charge (Entries 5-7) to 6 F to obtain nearly full conversion (entry 
6) and higher yields. Further screening on solvents used (Entries 
8-9) indicate that the initial mixture of HFIP:H2O (1:1) was still 
superior to other media. Upon testing the cathode materials, 
vitreous carbon and leaded bronze as electrode materials did 
not provide a significant increase in yields. However, platinum 
foil (Entry 10) as cathode improved the yield slightly, so it was 

chosen over BDD. We found a final issue regarding the 
supporting electrolyte. Because of the very high polarity of 
quinoline N-oxides, we could not isolate 4a as a pure 
compound, since it always co-eluted with the supporting 
electrolyte upon purification via silica gel chromatography. This 
was solved by replacing the cation of the supporting electrolyte, 
using NEt4

+ instead of NBu4
+, which is much more hydrophilic 

and can be removed with a simple aqueous extraction, 
providing the same yield.
The scope for synthesis of quinoline N-oxides 4 was then 
explored and it is displayed in Scheme 3. All the 2-
nitrocinnamaldehydes 3 were easily accessible by a classical 
Wittig olefination reaction,27 using commercial 
(triphenylphosphoranylidene)acetaldehyde. The presence of 
EWG and EDG did not affect the yields noticeably, and 
electrochemically sensitive groups, such as CN (4e) and 
halogens (4g and 4h) were again tolerated and did not lower the 
yields significantly. The scaling-up was performed with 5 mmol 
of compound 3a, with a similar yield for 4a in comparison to the 
small-scale reaction, although a little increase in the amount of 
charge was necessary. These quinoline N-oxides can be 
derivatized to the corresponding quinolines employing 
electrochemical conditions.28

glassy carbon Pt
2.4 mA/cm2, 6.0 F

HFIP : H2O (1:1)a

NEt4BF4 [0.01M], rt

NO2

R
R

4a, 44%b 4b, 38%

4h, 34%

4d, 44%4c, 31%

4e, 29% 4g, 31%

O

H
N

O

N
O

N
O

N
O

N
O

N
O

N
O N

O

F

CO2Me
MeO

OMe

NC
Br

N
O

4f, 32%

3a-h 4a-h

F3C

Scheme 3. Scope of the reaction. 
a 4% vol of acetone was used. b 5 mmol of 3a, yield was 38% (6.5 F)

In summary, we established an electrochemical protocol for the 
synthesis of different substituted 2,1-benzisoxazoles and 
quinoline N-oxides starting from 2-nitrobenzaldehydes, using 
just electric current as reducing agent, expanding the 
electrochemical possibilities in the synthesis of different 
heterocycles. The utilization of an undivided cell under constant 
current conditions represents the key advantage, since it offers 
a simpler and easier way to conduct the electrolysis and permits 
also working at larger scales in comparison with other 
electrochemical methods described up till now. Strong EWG 
were included for the first time and a large variety of 
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substitution patterns and functional groups are tolerated, even 
those which are sensitive to electrochemical conditions. 

Conflicts of interest
There are no conflicts to declare.

Notes and references

1 A. Quilico, G. Speroni, L. C. Behr and R. L. McKee, in Five- and 
Six-Membered Compounds with Nitrogen and Oxygen 
(Excluding Oxazoles), Volume 17, edited by R. H. Wiley, Ed. 
John Wiley & Sons, New York, 1964.

2 a) T. Mani, F. Wang, W. E. Knabe, A. L. Sinn, M. Khanna, I. Jo, 
G. E. Sandusky, G. W. Sledge Jr, D. R. Jones, R. Khanna, K. E. 
Pollok and S. O. Meroueh, Bioorg. Med. Chem. 2013, 21, 2145; 
b) M. Rezazadeh, M. Pordel, A. Davoodnia and S. Saberi, 
Chem. Heterocycl. Compd. 2015, 51, 918; c) A. Chaker, E. 
Najahi, O. Chatriant, A. Valentin, N. Tene, M. Treilhou, F. 
Chabchoub and F. Nepveu, Arabian J. Chem. 2017, 10, S2464. 

3 T.Moriwaki, C. Furstner, B. Riedl, J. K. Ergunden, F. Boss, B. 
Schmidt, F. J. van der Staay, W. Schroeder, K. H. Schlemmer 
and N. Yoshida, US Patent 6589949, 2003.

4 (a) S. Yu, G. Tang, Y. Li, X. Zhou, Y. Lan and X. Li, Angew. Chem. 
Int. Ed. 2016, 55, 8696; (b) M. Zou, J. Liu, C. Tang and N. Jiao, 
Org. Lett. 2016, 18, 3030; (c) C. Tang, M. Zou, J. Liu, X. Wen, X. 
Sun, Y. Zhang and N. Jiao, Chem. Eur. J. 2016, 22, 11165; (d) X. 
Lei, M. Gao and Y. Tang, Org. Lett. 2016, 18, 4990; (e) N. K. 
Mishra, M. Jeon, Y. Oh, H. Jo, J. Park, S. Han, S. Sharma, S. H. 
Han, Y. H. Junga and I. S. Kim, Org. Chem. Front. 2017, 4, 241; 
(f) H. Li, J. Jie, S. Wu, X. Yang and H. Xu, Org. Chem. Front. 
2017, 4, 250; (g) S. Debbarma and M. S. Maji, Eur. J. Org. 
Chem. 2017, 3699; (h) M. Wang, L. Kong, F. Wang and X. Li, 
Adv. Synth. Catal. 2017, 359, 4411; (i) S. Kim, S. H. Han, N. K. 
Mishra, R. Chun, Y. H. Jung, H. S. Kim, J. S. Park and I. S. Kim, 
Org. Lett. 2018, 20, 4010.

5 (a) H. Jin, L. Huang, J. Xie, M. Rudolph, F. Rominger and A. S. 
K. Hashmi, Angew. Chem. Int. Ed. 2016, 55, 794; (b) H. Jin, B. 
Tian, X. Song, J. Xie, M. Rudolph, F. Rominger and A. S. K. 
Hashmi, Angew. Chem. Int. Ed. 2016, 55, 12688; (c) R. L. 
Sahani and R. S. Liu, Angew. Chem. Int. Ed. 2017, 56, 12736; 
(d) Z. Zeng, H. Jin, K. Sekine, M. Rudolph, F. Rominger and A. 
S. K. Hashmi, Angew. Chem. Int. Ed. 2018, 57, 6935; (e) M.-H. 
Tsai, C.-Y. Wang, A. Sekar, K. Raja and R.-S Liu, Chem. 
Commun. 2018, 54, 10866; (f) Z. Zeng, H. Jin, M. Rudolph, F. 
Rominger and A. S. K. Hashmi, Angew. Chem. Int. Ed. 2018, 57, 
16549.

6 (a) L. Li, H. Wang, S. Yu, X. Yang and X. Li, Org. Lett. 2016, 18, 
3662; (b) M. Aidene, F. Belkessam, J. F. Soulé and H. Doucet, 
ChemCatChem 2016, 8, 1583; (c) D. K. Tiwari, M. Phanindrudu, 
S. B. Wakade, J. B. Nanubolu and D. K. Tiwari, Chem. Commun. 
2017, 53, 5302; (d) Z.-H. Wang, H.-H. Zhang, D.-M. Wang, P.-
F. Xua and Y.-C. Luo, Chem. Commun. 2017, 53, 8521; (e) Z. 
Wang, Z. Yin and X. F. Wu, Chem. Eur. J. 2017, 23, 15026; (f) F. 
Wang, P. Xu, S.-Y. Wang and S.-J. Ji, Org. Lett. 2018, 20, 2204; 
(g) F. Xie, B. Shen and X. Li, Org. Lett. 2018, 20, 7154.

7 A. M. Mfuh and O. V. Larionov, Curr. Med. Chem. 2015, 22, 
2819.

8 Y. Wang and L. Zhang, Synthesis, 2015, 47, 289.
9 (a) J. Elguero in Comprehensive Heterocyclic Chemistry Vol. 4 

edited by A. R. Katrizky and C. W. Rees, Ed. Pergamon Press, 
New York, 1984, pp. 167-303; (b) R. K. Smalley in Houben-
Weyl Methods of Molecular Transformations: Hetarenes and 
Related Transformations Vol. 11, edited by: E. Schauman Ed. 
George Thieme Verlag, Stuttgart, 2002, pp. 337-382; (c) A. R. 

Katritzky, Z. Wang, C. D. Hall and N. G. Akhmedov, ARKIVOC, 
2003, 49; (d) F. D. Bellamy and K. Ou, Tetrahedron Lett. 1984, 
25, 839; (e) J. Chauhan and S. Fletcher, Tetrahedron Lett. 
2012, 53, 4951.

10 (a) K. H. Wiinsch and A. J. Boulton, Adv. Heterocyclic Chem. 
1967, 8, 277; (b) B. H. Kim, Y. M. Jun, T. K. Kim, Y. S. Lee, W. 
Baik and B. M. Lee, Heterocycles, 1997, 45, 235; (c) P. Raju, G. 
G. Rajeshwaran, M. Nandakumar and A. K. Mohanakrishnan, 
Eur. J. Org. Chem. 2015, 3513.

11 (a) B. H. Kim, Y. Jin, Y. M. Jun, R. Han, W. Baik and B. M. Lee, 
Tetrahedron Lett. 2000, 41, 2137; (b) R. Han, K. I. Son, G. H. 
Ahn, Y. M. Jun, B. M. Lee, Y. Park and B. H. Kim, Tetrahedron 
Lett. 2006, 47, 7295.

12 L. Marti, L. M. Sanchez, M. J. Climent, A. Corma, S. Iborra, G. 
P. Romanelli and P. Concepcion, ACS Catal. 2017, 7, 8255.

13 For some recent reviews in organic electrochemistry, see: (a) 
M. Yan, Y. Kawamata and P. S. Baran, Chem. Rev. 2017, 117, 
13230; (b) A. Wiebe, T. Gieshoff, S. Möhle, E. Rodrigo, M. 
Zirbes and S. R. Waldvogel, Angew. Chem. 2018, 130, 5694; 
Angew. Chem. Int. Ed. 2018, 57, 5594; (c) S. Möhle, M. Zirbes, 
E. Rodrigo, T. Gieshoff, A. Wiebe and S. R. Waldvogel, Angew. 
Chem. 2018, 130, 6124; Angew. Chem. Int. Ed. 2018, 57, 6018; 
(d) M. D. Kärkäs, Chem. Soc. Rev. 2018, 47, 5786.

14 (a) B. A. Frontana-Uribe, R. D. Little, J. G. Ibañez, A. Palmad 
and  R. Vasquez-Medrano, Green Chem. 2010, 12, 2099; (b) E. 
J. Horn, B. R. Rosen and P. S. Baran, ACS Cent. Sci. 2016, 2, 302.

15 (a) H. Lund, Adv. Heterocycl. Chem. 1970, 12, 213; (b) H. Lund 
and N. H. Nilsson, Acta Chem. Scand. 1976, B30, 5; (c) R. 
Hazard, M. Jubault, C. Mouats and A. Tallec, Electrochimia 
Acta, 1986, 31, 489; (d) Z. Fijalek and P. Zuman, 
Electroanalvsis, 1993, 5, 53.

16 B. H. Kim, Y. M. Jun, Y. R. Choi, D. B. Lee and W. Baik, 
Heterocycles, 1998, 48, 749.

17 S. Hosseini, S. A. Bawel, M. S. Mubarak and D. G. Peters, 
ChemElectroChem, 2018, DOI: 10.1002/celc.201801321.

18 V. V. Pagar, A. M. Jadhav and R-S. Liu, J. Am. Chem. Soc. 2011, 
133, 20728.

19 (a) M. Akazome, T. Hondo and Y. Watanabe, J. Org. Chem. 
1994, 59, 3375; (b) B. K. Banik, I. Banik, L. Hackfeld and F. F. 
Becker, Heterocycles, 2002, 56, 467; (c) R.-G. Xing, Y.-N. Li, Q. 
Liu, Y.-F. Han, X. Wei, J. Lia and B. Zhou, Synthesis, 2011, 43, 
2066; (d) F. G. Cirujano, A. Leyva-Pérez, A. Corma and F. X. L. 
Xamena, ChemCatChem, 2013, 5, 538; (e) J. W. Park and Y. K. 
Chung, ACS Catal. 2015, 5, 4846; (f) D. Giomi, R. Alfini, J. 
Ceccarelli, A. Salvini and A. Brandi, ChemistrySelect, 2016, 1, 
5584; (g) M. Braun and D. Exposito, ChemCatChem, 2017, 9, 
393.

20 W. Baik, D. I. Kim, H. J. Lee, W-J. Chung, B. H. Kim and S. W. 
Lee, Tetrahedron Lett. 1997, 38, 4579.

21 E. Rodrigo and S. R. Waldvogel, Green Chem. 2018, 20, 2013.
22 E. Rodrigo and S. R. Waldvogel, Chem. Sci. 2019, 10, 2044.
23 (a) T. Gieshoff, D. Schollmeyer and S. R. Waldvogel, Angew. 

Chem. 2016, 128, 9587; Angew. Chem. Int. Ed. 2016, 55, 9437; 
(b) T. Gieshoff, A. Kehl, D. Schollmeyer, K. D. Moeller and S. R. 
Waldvogel, Chem. Commun. 2017, 53, 2974; (c) T. Gieshoff, A. 
Kehl, D. Schollmeyer, K. Moeller and S. R. Waldvogel, J. Am. 
Chem. Soc. 2017, 139, 12317; (d) A. Kehl, T. Gieshoff, D. 
Schollmeyer and S. R. Waldvogel, Chem. Eur. J. 2018, 24, 590; 
(e) A. Kehl, V. M. Breising, D. Schollmeyer and S. R. Waldvogel, 
Chem. Eur. J. 2018, 24, 17230.

24 L. Schulz and S. R. Waldvogel, Synlett, 2019, 30, 275.
25 R. Filler and R. M. Schure, J. Org. Chem. 1967, 32, 1217.
26 O. Hammerich, in Organic Electrochemistry, 5th edition: 

revised and expanded, edited by O. Hammerich and B. 
Speiser, Ed. CRC press, Boca Raton, 2015, pp 1149-1200.

27 G. Wittig and U. Schöllkopf, Chem. Ber. 1954, 87, 1318.
28 H.-B Zhao, P. Xu, J. Song and H.-C Xu, Angew. Chem. Int. Ed. 

2018, 57, 15153.

Page 4 of 6ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
1 

Se
pt

em
be

r 
20

19
. D

ow
nl

oa
de

d 
by

 E
as

t C
ar

ol
in

a 
U

ni
ve

rs
ity

 o
n 

9/
12

/2
01

9 
12

:3
5:

52
 P

M
. 

View Article Online
DOI: 10.1039/C9CC06054E

https://doi.org/10.1039/c9cc06054e


Journal Name  COMMUNICATION

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5

Please do not adjust margins

Please do not adjust margins

Page 5 of 6 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
1 

Se
pt

em
be

r 
20

19
. D

ow
nl

oa
de

d 
by

 E
as

t C
ar

ol
in

a 
U

ni
ve

rs
ity

 o
n 

9/
12

/2
01

9 
12

:3
5:

52
 P

M
. 

View Article Online
DOI: 10.1039/C9CC06054E

https://doi.org/10.1039/c9cc06054e


 

 

 

At carbon electrodes in a scalable electrosynthetic way to two classes of useful heterocycles.  

Page 6 of 6ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
1 

Se
pt

em
be

r 
20

19
. D

ow
nl

oa
de

d 
by

 E
as

t C
ar

ol
in

a 
U

ni
ve

rs
ity

 o
n 

9/
12

/2
01

9 
12

:3
5:

52
 P

M
. 

View Article Online
DOI: 10.1039/C9CC06054E

https://doi.org/10.1039/c9cc06054e

